Abstract-Stepped-impedance low-pass elliptic filters are presented in this paper which make use of patterning of both sides of the microstrip substrate. Microstrip and coplanar waveguide components as well as their interactions are used jointly to synthesize the required filter elements. Relatively compact implementations with good electrical performance are obtained in this way.
Conventional stepped-impedance low pass filters (SI-LPF) consist of a cascading of electrically short high and low impedance sections to approximate the corresponding ladder LC lumped circuit prototype [1] . However, this kind of filter inherently presents two problems. One of them is the degradation of the stop band rejection level because of the frequency-distributed behavior of the finite section lines. The second problem comes from the limits imposed by the microstrip technology to achieve very narrow strip widths and, consequently, high impedance section lines.
Top view To improve the rejection in the stop band, more sections can be used at expense of higher circuit losses and size. Recently, the use of defected ground structures (DGS) has been reported [2, 3] as an efficient method to attain a good out-of-band response in SI-LPF's. Alternatively, complementary split ring resonators (CSRR) can be etched on the conductor strips of the low impedance sections to suppress spurious band in conventional SI-LPF [4] . Nevertheless, to achieve a more selective and sharper bandpass in LPF's, generalized Chebyshev [5] or elliptic [6, 7] response designs should be implemented. In this contribution we propose an elliptic LPF implementation that retains the simplicity of the stepped-impedance structure. The method is based on the implementation of the constituent filter elements by combining microstrip and CPW technologies. In Fig. 1 we show a representative elementary layout of the proposed SI-LPF (a three-pole filter with one transmission zero) and its corresponding lumped equivalent circuit. The series inductors, L si , are implemented as usual with short sections of high characteristic impedance transmission lines (the slot in the ground plane has been included to achieve relatively high values of the characteristic impedance). As a first approximation, low impedance sections are assimilated to parallel plate capacitors to approximate the parallel connected capacitances, C pi . Then, in order to synthesize the transmission poles corresponding to the elliptic design, those capacitors are series connected to the ground plane through high impedance CPW line sections (inductors L pi ). Please note that high impedance CPW lines are located at opposite borders of the backside rectangular patch of the capacitors; therefore, they play the additional role of bridges joining the two sides of the ground plane shown in the bottom side of the filter layout. These bridges are essential for a good filter performance because they cancel out undesired ground plane slot modes [8] .
The geometrical parameters of the layout are obtained starting from the standard tabulated lumped equivalent circuit components. We make use of the formula for the equivalent circuit of electrically short high characteristic impedance transmission line sections [9] to calculate the length of those sections. The impedance values are obtained from the fast quasi-TEM solver reported in [10] . The lengths of the capacitors are roughly calculated from the trivial expression for the capacitance of an ideal (no edge effects) parallel plate capacitor and finally a tuning adjustment has been applied before obtaining the final design making use of a commercial electromagnetic (EM) simulator. Although the use of slots in the backside of the high impedance sections leads itself to a size reduction with respect to conventional microstrip implementation, we have also used a meander line approach to achieve more compact filters [11] . In this way, the high impedance section lines have been substituted by series open-loops. The geometry of these open-loops has been extracted from EM simulation in such a way that they reproduce the behavior of the original straight line sections.
As an example of the application of the previously described procedure, Fig. 2 shows the layout and the measured and simulated results for a five pole filter of elliptic type. Fairly good agreement can be found between both results, particularly at the low frequency part of the measured spectrum (in and around the pass band). The filter, when compared with conventional Chebyshev SI-LPF implementations, presents meaningfully sharper cut-off, and reduced size (30% reduction for the same cut-off frequency; additional 50% reduction when meandered lines are used).
